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Fornix-based versus limbal-based conjunctival 
flaps in trabeculectomy with mitomycin C  
in high-risk patients
Purpose: To compare the surgical outcomes of limbal-based and fornix-based trabeculectomy 
in eyes with a history of ocular incisional surgery.
Methods: Twenty-six eyes underwent limbal-based trabeculectomy (group LB), and were 
condition matched with 26 eyes that received fornix-based trabeculectomy (group FB). Surgical   
failure was recorded retrospectively if the intraocular pressure value was either 21, 18, 
and 15 mmHg (conditions A, B, and C, respectively) or 4 mmHg or if the patient required 
additional glaucoma surgery. Kaplan–Meier survival curve analysis was used to assess surgical   
failure.
Results: For condition A, the 2 year surgical success probabilities were 75.0% and 63.9% in 
groups FB and LB, respectively (P=0.124). The corresponding values were 55.0% and 61.7% 
(P=0.638) in condition B, and 55.0% and 57.0% (P=0.454) in condition C. The rates of bleb 
leakage, hypotony, choroidal detachment, and bleb-related infection were 11.5%, 26.9%, 50.0%, 
and 7.7% in group LB, respectively. The corresponding values in group FB were 30.8%, 23.1%, 
46.2%, and 0.0%, which were not statistically different between the two groups.
Conclusion: No significant differences in surgical outcomes were observed between 
limbal-based and fornix-based trabeculectomy for patients with a history of incisional ocular 
surgeries.
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Introduction
Trabeculectomy is one of the major therapeutic modalities in the management of 
glaucoma,1 because of its highly reliable effects on lowering intraocular pressure 
(IOP). Although the techniques have been established for nearly 50 years, the use 
of various options still remains under debate, including whether to use mitomycin C 
(MMC), or 5 fluorouracil, single or combined surgery, thin or thick scleral flaps, or 
limbal- or fornix-based conjunctival flaps. Of these different options, the manner of the 
conjunctival incision is known to affect bleb morphology. Past studies have reported 
that eyes that received limbal-based trabeculectomy tended to develop cystic blebs 
when compared with those that underwent the fornix-based technique,2–4 and that these 
differences in bleb morphology may cause different surgical outcomes. With regard 
to this issue, a number of studies have compared the post-operative outcomes, includ-
ing IOP control and surgical complications, between these two types of conjunctival 
incisions.4–7 However, no consensus has been reached on the question as to which 
technique is better for high-risk cases.
We previously reported various risk factors for the surgical success of trab-
eculectomy with MMC.8–12 In these previous studies, background factors that could 
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potentially enhance subconjunctival scarring (eg, a history of 
phacoemulsification in eyes with either primary open-angle 
glaucoma or uveitic glaucoma; a history of vitrectomy in 
neovascular glaucoma eyes; or a history of granulomatous 
uveitis in eyes with uveitic glaucoma) were repeatedly identi-
fied as prognostic factors, suggesting that exaggerated wound 
healing around the scleral flap causes surgical failure in the 
control of IOP after trabeculectomy. Thus, eyes with such 
risk factors are considered high-risk cases for trabeculectomy 
and therefore to require optimized surgical techniques to 
lower the IOP. However, to our knowledge, no study has 
directly compared the post-operative results of limbal-based 
trabeculectomy with fornix-based trabeculectomy in high-
risk and condition-matched populations. In this study, we   
compared the post-operative outcomes between these   
two types of conjunctival incisions during trabeculectomy in 
eyes with a history of cataract and/or glaucoma surgery.
Materials and methods
Patient population
The study was conducted in accordance with the Declaration 
of Helsinki, and was approved by the Institutional Review 
Board of Kumamoto University. Medical records were ret-
rospectively reviewed, and all patients who received limbal-
based trabeculectomy at Kumamoto University Hospital   
between April 2004 and December 2010 were identified.   
Of these consecutive patients, those who had eyes with his-
tories of cataract and/or glaucoma surgeries were included, 
and were categorized as “group LB”. Exclusion criteria were 
eyes with histories of vitrectomy and/or with ocular isch-
emic diseases, including proliferative diabetic retinopathy. 
When both eyes in a patient met the criteria, we included 
only the eye that had received objective trabeculectomy. 
We then matched the eyes that had undergone fornix-based 
trabeculectomy (defined as “group FB”) to those in group 
LB according to age, sex, etiology of glaucoma, intraocular 
surgical history, and the preoperative IOP.
surgical technique
Trabeculectomy was performed as previously reported.8,9 
Briefly, a limbal- or fornix-based conjunctival flap was made, 
followed by a triangular single half-layer scleral flap. Small 
sponges soaked in MMC (0.4 mg/mL) were applied to the 
exposed tissues for 4 minutes. After the removal of the sponges, 
the wound was irrigated with 200 mL of   balanced salt solution. 
A small trabecular block was excised, and a fistula leading to 
the anterior chamber was created. A peripheral iridectomy 
was then performed. The scleral flap and the   conjunctiva were 
closed with a 10-0 nylon suture.   Postoperatively, all patients 
received a similar topical medical regimen: 1% topical atropine 
sulfate for 1 week, 0.1% topical betamethasone and levofloxa-
cin for 6–12 weeks. Laser suture lysis was conducted on the 
basis of the IOP value and the bleb condition.
Main outcome measure and observation 
procedure
For avoiding the effect of short-term postoperative IOP 
fluctuations in the analysis, IOP values 2 months after trab-
eculectomy or later were adopted. We defined surgical failure 
as an IOP value of 21, 18, and 15 mmHg (conditions 
A, B, and C, respectively), with or without the use of topical 
ocular hypotensive medications, and verified the values at 
the next visit. For all conditions, an IOP value of 4 mmHg 
and additional glaucoma surgery (except needling) were 
also defined as surgical failure. IOP values were measured 
with a Goldmann applanation tonometer. The preoperative 
IOP value for each eye was determined as the average of 
three measurements before trabeculectomy.
statistical analysis
Data were analyzed using the JMP version 8 statistical pack-
age program (Cary, NC). An unpaired 2-tailed -test and the 
chi-square test were used to compare characteristics between 
the two groups. We used Kaplan–Meier survival curve 
analysis to assess surgical failure, with P-values derived 
from the log-rank test. A P-value of 0.05 was considered 
statistically significant.
Results
Preoperative patient characteristics
In each group, 26 eyes of 26 patients satisfied the inclusion 
criteria for the study. The characteristics of the two groups are 
shown in Table 1. No significant differences were observed 
between the two groups in terms of age, sex, etiology of 
glaucoma, intraocular surgical history, preoperative IOP 
values, and the observational period.
Cumulative probability of surgical success
Figure 1A presents the results of the Kaplan–Meier   survival 
analysis for both groups under condition A (success,   
IOP 21 mmHg). The probability of surgical success at 
1 year after trabeculectomy was 86.7% and 63.9% in groups 
FB and LB, respectively. Two years after trabeculectomy, the 
corresponding values were 75.0% and 63.9%. The statistical   
analysis showed no significant difference between the   
two groups (P=0.124). When the cut-off IOP value was Clinical Ophthalmology 2014:8 submit your manuscript | www.dovepress.com
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defined as 18 mmHg (condition B), the probability of 1 year 
success was 66.2% in group FB and 61.7% in group LB, 
while the probability of 2 year success was 55.0% in group 
FB and 61.7% in group LB (Figure 1B). No significant dif-
ference in the probability of success was found between the 
two groups (P=0.638). For condition C (IOP 15 mmHg), 
the probability of 1 year success was 66.2% and 57.0% 
in groups FB and LB, respectively, and the correspond-
ing   probability of 2-year success was 55.0% and 57.0% 
(  Figure 1C). No   significant difference was found between the 
groups (P=0.454). Under condition A, three eyes in group FB 
and seven eyes in group LB were defined as surgical failure 
because of excessive IOP values. The corresponding number 
of eyes were nine and nine under condition B and nine and 
ten under condition C. One eye in each group fulfilled the 
criteria of surgical failure because of additional glaucoma 
surgery under condition A. For both conditions B and C,   
one eye in group LB was defined as failure for the same 
reason. For all three conditions, one eye in group LB met the 
criteria for surgical failure because of hypotony.
Postoperative iOP value and the number 
of glaucoma eye drops
One year after trabeculectomy, the mean IOP values were 
12.8±6.5 mmHg in group FB (20 eyes) and 11.6±5.9 mmHg 
in group LB (19 eyes); the number of IOP-reducing eye drops 
was 0.3±0.7 in group FB and 0.8±1.3 in group LB (Table 2). 
Two years after trabeculectomy, the mean IOP values were 
13.7±7.3 mmHg in group FB (16 eyes) and 12.2±5.4 mmHg 
in group LB (13 eyes), and the number of IOP-reducing 
eye drops was 0.3±0.8 in group FB and 0.6±1.3 in group 
LB (Table 2). No significant differences were observed in 
both parameters at either 1 or 2 years after trabeculectomy 
between the two groups.
surgical complications
No severe complications occurred during surgery. Table 3   
summarizes the postoperative complications during the 
follow-up period. Leaks of aqueous fluid were seen in 
3 eyes (11.5%) in group LB and 8 eyes (30.8%) in group FB 
(P=0.090). Meanwhile, choroidal detachments were found 
in 7 eyes (26.9%) and 6 eyes (23.1%) in groups LB and FB, 
respectively (P=0.749). Hypotony (IOP 4) occurred in 
13 eyes (50.0%) in group LB and 12 eyes (46.2%) in group 
FB (P=0.781) during the observational period. Two eyes 
(7.7%) in group LB suffered mild bleb-related infection, 
which was relieved with only topical antibiotics. No eye in 
group FB experienced bleb-related infections. No statistical 
difference was found between the two groups in the incidence 
ratio of each postoperative complication.
Table 1 Baseline characteristics of all patients who underwent trabeculectomy with mitomycin C
Characteristic Group LB Group FB P-value
number of patients 26 26 –
Male/female 15/11 15/11 1.00 
age (years)
Mean ± sD 59.8±21.4 62.0±21.5 0.81 
range 4 to 85 0 to 86
Preoperative iOP (mmhg)
Mean ± sD 29.4±6.9 30.6±7.2 0.68 
range 13.7 to 42.0 18.0 to 45.7
number of preoperative glaucoma drops
Mean ± sD 2.7±0.6 2.8±0.7 0.54 
range 1 to 4 1 to 4
Follow-up period (months)
Mean ± sD 29.8±27.1 38.3±24.0 0.22 
range 1.0 to 96.4 0.4 to 87.2
etiology of glaucoma
exfoliation glaucoma 12 (46%) 11 (42%) 0.78 
Primary open-angle glaucoma 5 (19%) 7 (27%) 0.51 
Uveitic glaucoma 5 (19%) 5 (19%) 1.00 
Developmental glaucoma 4 (15%) 3 (12%) 0.68 
history of previous ocular surgery
Trabeculectomy 12 (46%) 12 (46%) 1.00 
Trabeculotomy 9 (28%) 8 (31%) 0.77 
Cataract surgery 17 (65%) 14 (54%) 0.41 
Abbreviations: FB, fornix-based; iOP, intraocular pressure; lB, limbal-based; sD, standard deviation.Clinical Ophthalmology 2014:8 submit your manuscript | www.dovepress.com
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Table 2 Comparison of postoperative clinical outcomes between 
groups lB and FB
Group LB Group FB P-value*
One year after trabeculectomy
number of patients 19 20
iOP (mean ± sD; mmhg) 11.6±5.9 12.8±6.5 0.55
number of glaucoma eyedrops   
(mean ± sD)
0.8±1.3 0.3±0.7 0.12 
Two years after trabeculectomy
number of patients 13 16
iOP (mean ± sD; mmhg) 12.2±5.4 13.7±7.3 0.53
number of glaucoma eyedrops   
(mean ± sD)
0.6±1.3 0.3±0.8 0.45
Notes: *a two-tailed t-test and the Wilcoxon test were used to evaluate differences 
between groups in terms of the iOP values and the number of glaucoma drops, 
respectively.
Abbreviations:  FB,  fornix-based;  iOP,  intraocular  pressure;  lB,  limbal-based;   
sD, standard deviation.
Table 3 Comparison of the incidence ratio of the postoperative 
complications between groups lB and FB
Complication Group LB Group FB P-value*
Bleb leak 3 (12%) 8 (31%) 0.09 
hypotony (iOP 4) 13 (50%) 12 (46%) 0.78 
Choroidal detachment 7 (27%) 6 (23%) 0.75 
Bleb-related infection 2 (8%) 0 0.15 
Note: *chi-square test.
Abbreviations: FB, fornix-based; iOP, intraocular pressure; lB, limbal-based.
Figure 1 Kaplan–Meier survival plots of the study groups.
Notes: Kaplan–Meier survival plots of the study groups according to the manner of 
the conjunctival flap: fornix-based (FB, solid line) or limbal-based (LB, dotted line). 
Both groups consisted of 26 eyes of 26 patients. (A) Surgical failure was defined 
as an intraocular pressure (iOP) value of 21, an iOP value of 4 mmhg, and 
additional  glaucoma  surgery.  The  probability  of  success  of  the  trabeculectomy 
was not significantly different between groups (P=0.124). (B) surgical failure was 
defined as an IOP value of 18, an iOP value of 4 mmhg, and additional glaucoma 
surgery.  The  probability  of  success  of  the  trabeculectomy  was  not  significantly 
different between groups (P=0.638). (C) Surgical failure was defined as an IOP value   
of 15, an iOP value of 4 mmhg, and additional glaucoma surgery. The probability 
of success of the trabeculectomy was not significantly different between groups 
(P=0.454).
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Discussion
The present study revealed an absence of significant differ-
ences in the surgical outcomes, the probabilities of success, 
and the rates of surgical complications between limbal-based 
and fornix-based trabeculectomy in patients with   conjunctival 
scars due to cataract and/or glaucoma surgeries. To our 
knowledge, this report is the first one to compare the surgical 
outcomes of limbal-based and fornix-based trabeculectomy 
in eyes with conjunctival scars. Although the present study 
was a retrospective one and included a limited number of 
eyes, these data provide insight into decision making on a 
particular technical option (eg, the type of conjunctival flap) 
in trabeculectomy, since the characteristics (eg, age, sex, 
etiology of glaucoma) of the two groups were highly similar. 
In addition, the patients in the group LB were consecutive 
cases, and were therefore nearly free from selection bias.
Our previous studies indicated that a history of past 
trabeculectomy or phacoemulsification increased the prob-
ability of surgical failure in subsequent trabeculectomy.9,13,14 
The present study can be considered to reveal the surgical 
results of trabeculectomy in high-risk eyes. We found 
no statistical difference between groups FB and LB in 
regard to the probability of success, the IOP value, and 
the number of glaucoma eyedrops after trabeculectomy, 
suggesting the IOP-lowering effect was similar between 
the groups. Although various comparative studies have 
found no differences in the IOP-lowering effect between 
limbal-based and fornix-based trabeculectomy with or Clinical Ophthalmology 2014:8 submit your manuscript | www.dovepress.com
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without an antimetabolite,4–7 data on the surgical results of 
trabeculectomy in high-risk eyes have been limited. Wells 
et al analyzed the surgical results of glaucoma patients 
aged less than 30 years, and found the IOP value after 
fornix-based trabeculectomy tended to be higher than that 
after limbal-based trabeculectomy; however, the difference 
was not statistically significant.4 This previous study was 
considered as postsurgical data for high-risk eyes, since the 
younger age was thought to be a risk factor for the failure 
of filtration surgery.15–17 Collectively, the results of this pre-
vious study and the current one indicate the IOP-lowering 
effect of limbal-based trabeculectomy is similar to that of 
fornix-based trabeculectomy even in high-risk eyes. Since 
the sample number was limited and the study design was 
retrospective in the present study, randomized prospective 
studies with larger sample required in the future.
Bleb leaks are sometimes observed at the early post-
surgical stage, and are thought to increase the risk of bleb-
related infection, especially at the late post-surgical stage. 
Several studies have reported that early bleb leaks (within 
1–6 weeks after trabeculectomy) occurred more frequently 
in fornix-based trabeculectomy compared with limbal-based 
trabeculectomy.3,6,7 Meanwhile, another report found no dif-
ference between these two groups in the occurrence ratio of 
bleb leaks.1 In the present study, although the rate in group 
FB (31%) tended to be high compared with that of group LB 
(12%), the difference was not significant, possibly because 
of the small sample number. When these various results are 
considered collectively, the limbal-based conjunctival flap 
might be favorable for a secure wound closure. However, fur-
ther studies with a large sample size are required to conclude 
whether the occurrence rate is dependent on the manner of 
conjunctival flap in high-risk eyes.
A previous study showed a higher rate of postsurgical 
hypotony in fornix-based trabeculectomy than in limbal-based 
trabeculectomy.7 On the other hand, several studies reported 
no difference between the 2 techniques in the incidence 
ratio of hypotony.4–6 In the present study, the occurrence   
ratio of hypotony was similar between the groups: 50% and 
46% in groups LB and FB, respectively. The corresponding 
values for choroidal detachment were 27% and 23%. Since 
choroidal detachment usually occurred in conjunction with 
hypotony, the occurrence rates of the choroidal detachment 
may reflect those of hypotony. Further, the results indicated that 
the ratio of choroidal detachment to hypotony was independent 
of the manner of the conjunctival flap. In the present study, the 
target IOPs at the early postsurgical stage were relatively low. 
Therefore, the occurrence ratios of these complications may 
become high in eyes that have   undergone trabeculectomy for 
both types of conjunctival flap.
Bleb-related infection is a rare but serious complication 
after trabeculectomy. Since the occurrence rate was not high, a   
large-scale study is required for meaningful comparisons 
among groups. In one large trial analyzing 439 trabeculectomy 
sites in 347 patients, bleb-related infections were reported to 
occur more frequently in limbal-based than in fornix-based tra-
beculectomy during a period of 4 years after trabeculectomy, 
although the difference was statistically marginal (P=0.054).7 
Another large study that included 908 eyes of 908 Japanese 
patients revealed that the cumulative probability was 1.5% in 
both types of conjunctival flaps at a 2.5-year follow up.18 In 
another study, no bleb-related infection occurred in 82 cases, 
which included fornix- and limbal-based trabeculectomies, 
during a follow-up period of 20 months after surgery.6 The 
present study had two cases (8%) of bleb-related infection in 
group LB during a period of 2 years after trabeculectomy. In 
contrast, no bleb-related complications were observed in group 
FB. Regarding the occurrence rate of bleb-related infection, no 
firm conclusion can be drawn from the present study because 
of the small sample size, as described above. Furthermore, the 
relatively high rate of total cases (4%, two cases in 52 eyes) 
might have been due to preexisting conjunctival scars caused 
by previous incisional ocular surgeries.
Conclusion
No significant differences in terms of surgical success and 
complication rates were found during a 2-year follow-up 
between limbal-based and fornix-based trabeculectomy for 
patients with a history of incisional ocular surgeries.
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